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METHOD FOR EDITING TEXT
INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of
Korean Patent Application No. 10-2023-0048030 filed 1n the

Korean Intellectual Property Office on Apr. 12, 2023, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND

Technical Field

The present disclosure relates to a method of correcting
text information, and more specifically to a technique for
correcting text information by generating alternative text to
correct problem text.

Description of the Related Art

Speech recognition (Speech To Text (STT), or Automatic
Speech Recognition (ASR)) 1s a dictation technology that
changes speech 1nto text. In other words, speech recognition
(STT) 1s a technology for generating text that corresponds to
speech. An input to the speech recognition (STT) may
include at least one of a speech signal, a spectrogram
generated by converting a speech signal, or speech features.
Also, an output of the speech recognition (ST7T) 1s text in the
form of a character string. On the other hand, the speech
recognition (STT) model may be implemented 1n various
forms including the neural network model. Further, the
speech recognition (STT) model may be divided into a
modulated scheme and a non-modulated end-to-end (e2e)
scheme depending on the implementation scheme. Here, the
modularized scheme may include, but 1s not limited to,
acoustic models (models that represent how speech signals
can be represented), linguistic models (models that assign
probabilities of occurrence to words based on the given
sentences and words), traditional models that perform
speech recognition by dividing speech based on a pronun-
ciation dictionary and the like (for example, some ASR
models among Kaldi toolkit-based ASR models, and
Hybrid-ASR models). On the other hand, the non-modulated
approach mainly refers to e2e models (for example, trans-
former-based encoder decoder models), where the model
may be generated by training a lot of data without having
submodules. On the other hand, representative decoding
technique 1s beam search techmque, which 1s a method of
finding the most optimal answer by considering the entire
sentence while opening to various possibilities, rather than
just predicting the closest word to the answer 1n a given
context.

On the other hand, the speech recognition (STT) result of
transcribing the user’s speech 1s not perfect, 1t 1s necessary
to perform correction on the resulting text of the speech
recognition (STT).

Korean Patent Application Laid-Open No. 10-2022-
0070709 (May 31, 2022) discloses a speech recognition
error correction modeling method using resulting text and
speech features of a speech recognizer.

BRIEF SUMMARY

The present disclosure has been conceived to determine
problem text within text information, and generate and
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provide alternative text to correct the problem text. For
example, the present disclosure has been conceived to
identify problem text in text information (for example, text
resulting from performing speech recognition), generate
alternative text that may correct (replace) the problem text
by utilizing data search or an artificial intelligence model,
and provide alternative text and information about a source
of the alternative text in conjunction with each other.

On the other hand, the technical problem to be achieved
by the present disclosure 1s not limited to the technical
problem mentioned above, and various technical problems
may be included within the range obvious to those skilled in
the art from the content to be described below.

An exemplary embodiment of the present disclosure
provides a method of correcting text information, the
method being performed by a computing device, the method
including: obtaiming the text information; determining prob-
lem text within the text information; generating alternative
text to correct the problem text by utilizing expanded text
associated with the problem text or non-text type mforma-
tion associated with the problem text; and providing infor-
mation about the alternative text for correcting the problem
text.

In the exemplary embodiment, the providing of the infor-
mation about the alternative text to correct the problem text
may include providing alternative text to correct said prob-
lem text together with information about a source of said
alternative text.
recognition model; and a partial speech signal corresponding
to the problem text 1n the speech signal mput to the speech
recognition model.

In the exemplary embodiment, the operation of determin-
ing the problem text within the text information may include
at least one of: an operation of obtaining input information
for the problem text within the text information via the user
interface; and an operation of determining text having the
lowest confidence 1n the text information obtained by per-
forming the speech recognition (STT) as the problem text.

In the exemplary embodiment, the operations may further
include: an operation of extracting a signal portion corre-
sponding to the alternative text in the speech signal: an
operation of generating a pair of the extracted signal portion
and the alternative text; and an operation of utilizing said
generated pair as tramning data for a personalized speech
recognition model.

In the exemplary embodiment, the operation of providing
the information about the alternative text for correcting the
problem text may include an operation of providing evalu-
ation information about the alternative text. In the exem-
plary embodiment, the operation of providing the evaluation
information about the alternative text may include at least
one of: an operation of performing scoring on the alternative
text by using a next sentence prediction model; and an
operation of performing scoring on the alternative text by
using a text entailment model.

Still another exemplary embodiment of the present dis-
closure provides a computing device including: at least one
processor; and a memory, in which the at least one processor
1s configured to: obtain the text information; determine
problem text within the text information; generate alterna-
tive text to correct the problem text by utilizing expanded
text associated with the problem text or non-text type
information associated with the problem text; and provide
information about the alternative text for correcting the
problem text.

In the exemplary embodiment, the at least one process
may be configured to provide information about the alter-
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native text for correcting the problem text and information
about a source of the alternative text together.

In the exemplary embodiment, the expanded text associ-
ated with the problem text may include at least one of: text
that includes the problem text and 1s longer than the problem
text; a sentence 1including the problem text; and a paragraph
including the problem text.

In the exemplary embodiment, the at least one processor
may be configured to: mask a portion of the text that
corresponds to the problem text in the expanded text asso-
ciated with the

In the exemplary embodiment, the at least one processor
may be configured to perform scoring on the alternative text
by using a next sentence prediction model; and perform
scoring on the alternative text by using a text entailment
model.

According to the present disclosure, by providing alter-
native text for correcting problem text and information about
a source ol the alternative text together, 1t 1s possible to
provide users with reliable mformation regarding the cor-
rection of the problem text and improve user convenience.

Further, the present disclosure may provide information
for correcting problem text included in Speech To Text
(STT) result text with a high degree of accuracy and
confidence. For example, the present disclosure may 1dentify
high-accuracy alternative text for correcting the problem
text by searching for data utilizing “expanded text associated
with the problem text” and “masking techniques,” and

provide the user with high confidence by providing the
identified alternative text along with the source of the search.

In another example, the present disclosure may identily
high-accuracy alternative text for correcting the problem
text by utilizing an additional STT model that 1s different
from the STT model utilized to generate the original STT
result text, and may provide high confidence to a user by
providing correction information involving multiple STT
models. On the other hand, the effect of the present disclo-
sure 1s not limited to the above-mentioned eflects, and
various ellects may be included within the range apparent to
those skilled 1n the art from the content to be described

below.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s a block diagram of a computing device for
correcting text information according to an exemplary
embodiment of the present disclosure.

FIG. 2 1s a conceptual diagram illustrating a neural
network according to the exemplary embodiment of the
present disclosure.

FIG. 3 1s a block diagram illustrating a plurality of
modules for correcting text information according to the
exemplary embodiment of the present disclosure.

FIG. 4 1s a flow diagram 1illustrating a method of correct-
ing text information according to an exemplary embodiment
of the present disclosure.

FIG. 5 1s the other flow diagram illustrating a method of
correcting text information according to an exemplary
embodiment of the present disclosure.

FIG. 6 1s another flow diagram illustrating a method of
correcting text information according to an exemplary
embodiment of the present disclosure.

FIG. 7 1s a brief and general schematic diagram of an
exemplary computing environment i which exemplary
embodiments of the present disclosure may be implemented.
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4
DETAILED DESCRIPTION

Various exemplary embodiments are described with ret-
erence to the drawings. In the present specification, various
descriptions are presented for understanding the present
disclosure. However, it 1s obvious that the exemplary
embodiments may be carried out even without a particular
description.

Terms, “component,” “module,” “system,” and the like
used 1n the present specification indicate a computer-related
entity, hardware, firmware, soltware, a combination of soft-
ware and hardware, or execution of soitware. For example,
a component may be a procedure executed 1n a processor, a
processor, an object, an execution thread, a program, and/or
a computer, but 1s not limited thereto. For example, both an
application executed 1n a computing device and a computing
device may be components. One or more components may
reside within a processor and/or an execution thread. One
component may be localized within one computer. One
component may be distributed between two or more com-
puters. Further, the components may be executed by various
computer readable media having various data structures
stored therein. For example, components may communicate
through local and/or remote processing according to a signal
(for example, data transmitted to another system through a
network, such as the Internet, through data and/or a signal
from one component interacting with another component 1n
a local system and a distributed system) having one or more
data packets.

Further, a term “or” mtends to mean comprehensive “or”
not exclusive “or.” That 1s, unless otherwise specified or
when 1t 1s unclear 1n context, “X uses A or B” intends to
mean one of the natural comprehensive substitutions. That
15, 1n the case where X uses A; X uses B; or, X uses both A
and B, “X uses A or B” may apply to either of these cases.
Further, a term “and/or” used in the present specification
shall be understood to designate and include all of the
possible combinations of one or more 1tems among the listed
relevant items.

Further, a term “include” and/or “including” shall be
understood as meaning that a corresponding characteristic
and/or a constituent element exists. Further, it shall be
understood that a term “include” and/or “including” means
that the existence or an addition of one or more other
characteristics, constituent elements, and/or a group thereof
1s not excluded. Further, unless otherwise specified or when
it 1s unclear that a single form 1s indicated 1n context, the
singular shall be construed to generally mean “one or more”
in the present specification and the claims.

Further, the term “at least one of A and B> should be
interpreted to mean “the case including only A,” “the case
including only B.” and *“the case where A and B are
combined.”

Those skilled 1n the art shall recognize that the various
illustrative logical blocks, configurations, modules, circuits,
means, logic, and algorithm operations described 1n relation
to the exemplary embodiments additionally disclosed herein
may be implemented by electronic hardware, computer
software, or 1n a combination of electronic hardware and
computer software. In order to clearly exemplily inter-
changeability of hardware and software, the various 1llus-
trative components, blocks, configurations, means, logic,
modules, circuits, and operations have been generally
described above 1n the functional aspects thereof. Whether
the functionality 1s implemented as hardware or software
depends on a specific application or design restraints given
to the general system. Those skilled in the art may imple-

- B4 4 A Y
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ment the functionality described by various methods for
cach of the specific applications. However, 1t shall not be
construed that the determinations of the implementation
deviate from the range of the contents of the present dis-
closure.

The description about the presented exemplary embodi-
ments 1s provided so as for those skilled in the art to use or
carry out the present disclosure. Various modifications of the
exemplary embodiments will be apparent to those skilled 1n
the art. General principles defined herein may be applied to
other exemplary embodiments without departing from the
scope of the present disclosure. Therefore, the present dis-
closure 1s not limited to the exemplary embodiments pre-
sented herein. The present disclosure shall be interpreted
within the broadest meaning range consistent to the prin-
ciples and new characteristics presented herein.

In the present disclosure, a network function and an
artificial neural network and a neural network may be
interchangeably used.

FIG. 1 1s a block diagram of a computing device for
moditying textual information according to an exemplary
embodiment of the present disclosure.

A configuration of the computing device 100 1llustrated 1n
FIG. 1 1s only an example shown through simplification. In
an exemplary embodiment of the present disclosure, the
computing device 100 may include other components for
performing a computing configuration of the computing
device 100 and only some of the disclosed components may
constitute the computing device 100.

The computing device 100 may include a processor 110,
a memory 130, and a network umt 150.

The processor 110 may be constituted by one or more
cores, and include processors for data analysis and deep
learning, such as a central processing unit (CPU), a general
purpose graphics processing unit (GPGPU), a tensor pro-
cessing unit (TPU), etc., of the computing device. The
processor 110 may read a computer program stored in the
memory 130 and process data for machine learning accord-
ing to an exemplary embodiment of the present disclosure.
According to an exemplary embodiment of the present
disclosure, the processor 110 may perform an operation for
learning the neural network. The processor 110 may perform
calculations for learning the neural network, which include
processing ol input data for learning 1n deep learning (DL),
extracting a feature in the input data, calculating an error,
updating a weight of the neural network using backpropa-
gation, and the like.

At least one of the CPU, the GPGPU, and the TPU of the
processor 110 may process learning of the network function.
For example, the CPU and the GPGPU may process the
learning of the network function and data classification
using the network function jointly. In addition, 1n an exem-
plary embodiment of the present disclosure, the learming of
the network function and the data classification using the
network function may be processed by using processors of
a plurality of computing devices together. In addition, the
computer program performed by the computing device
according to an exemplary embodiment of the present
disclosure may be a CPU, GPGPU, or TPU executable
program.

According to an exemplary embodiment of the present
disclosure, the memory 130 may store any type of informa-
tion generated or determined by the processor 110 and any
type of information recerved by the network unit 150.

According to an exemplary embodiment of the present
disclosure, the memory 130 may include at least one type of
storage medium of a flash memory type storage medium, a

10

15

20

25

30

35

40

45

50

55

60

65

6

hard disk type storage medium, a multimedia card micro
type storage medium, a card type memory (for example, an
SD or XD memory, or the like), a random access memory
(RAM), a static random access memory (SRAM), a read-
only memory (ROM), an electrically erasable programmable
read-only memory (EEPROM), a programmable read-only
memory (PROM), a magnetic memory, a magnetic disk, and
an optical disk. The computing device 100 may operate 1n
connection with a web storage performing a storing function
of the memory 130 on the Internet. The description of the
memory 1s just an example and the present disclosure 1s not
limited thereto.

The network unit 150 according to several embodiments
of the present disclosure may use various wired communi-

cation systems, such as a Public Switched Telephone Net-
work (PSTN), an x Digital Subscriber Line (xDSL), a Rate

Adaptive DSL (RADSL), a Multi Rate DSL (MDSL), a Very
High Speed DSL (VDSL), a Universal Asymmetric DSL
(UADSL), a High Bit Rate DSL (HDSL), and a local area
network (LAN).

The network unit 150 presented 1n the present specifica-

tion may use various wireless communication systems, such
as Code Division Multi Access (CDMA), Time Division

Multi Access (TDMA), Frequency Division Multi Access
(FDMA), Orthogonal Frequency Division Mult1 Access
(OFDMA), Single Carrier-FDMA (SC-FDMA), and other
systems.

In the present disclosure, the network unmit 150 may be
configured regardless of a communication aspect, such as
wired communication and wireless communication, and
may be configured by various communication networks,
such as a Personal Area Network (PAN) and a Wide Area
Network (WAN). Further, the network may be a publicly
known World Wide Web (WWW), and may also use a
wireless transmission technology used 1n short range com-
munication, such as Infrared Data Association (IrDA) or
Bluetooth.

In the present disclosure, the network unit (150) can
utilize various forms of wired and wireless communication
systems.

The technologies described in this specification can be
used not only 1n the mentioned networks but also 1n other
networks.

FIG. 2 1s a schematic diagram illustrating a network
function according to the embodiment of the present disclo-
sure.

Throughout the present specification, the meanings of a
calculation model, a nerve network, the network function,
and the neural network may be interchangeably used. The
neural network may be formed of a set of iterconnected
calculation units which are generally referred to as “nodes.”
The “nodes” may also be called “neurons.” The neural
network consists of one or more nodes. The nodes (or
neurons) configuring the neural network may be intercon-
nected by one or more links.

In the neural network, one or more nodes connected
through the links may relatively form a relationship of an
input node and an output node. The concept of the 1nput
node 1s relative to the concept of the output node, and a
predetermined node having an output node relationship with
respect to one node may have an input node relationship in
a relationship with another node, and a reverse relationship
1s also available. As described above, the relationship
between the mput node and the output node may be gener-
ated based on the link. One or more output nodes may be
connected to one mput node through a link, and a reverse
case may also be valid.
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In the relationship between an input node and an output
node connected through one link, a value of the output node
data may be determined based on data mput to the mput
node. Herein, a link connecting the input node and the output
node may have a weight. The weight 1s variable, and in order
for the neural network to perform a desired function, the
weight may be varied by a user or an algorithm. For
example, when one or more mput nodes are connected to
one output node by links, respectively, a value of the output
node may be determined based on values input to the input
nodes connected to the output node and weights set 1n the
link corresponding to each of the mput nodes.

As described above, in the neural network, one or more
nodes are connected with each other through one or more
links to form a relationship of an mnput node and an output
node 1n the neural network. A characteristic of the neural
network may be determined according to the number of
nodes and links 1n the neural network, a correlation between
the nodes and the links, and a value of the weight assigned
to each of the links. For example, when there are two neural
networks 1n which the numbers of nodes and links are the
same and the weight values between the links are different,
the two neural networks may be recognized to be diflerent
from each other.

The neural network may consist of a set of one or more
nodes. A subset of the nodes configuring the neural network
may form a layer. Some of the nodes configuring the neural
network may form one layer on the basis of distances from
an 1itial mput node. For example, a set of nodes having a
distance of n from an 1nitial iput node may form n layers.
The distance from the 1mitial imnput node may be defined by
the mimimum number of links, which need to be passed to
reach a corresponding node from the initial mput node.
However, the defimition of the layer 1s arbitrary for the
description, and a degree of the layer 1n the neural network
may be defined by a diflerent method from the foregoing
method. For example, the layers of the nodes may be defined
by a distance from a final output node.

The initial mput node may mean one or more nodes to
which data 1s directly input without passing through a link
in a relationship with other nodes among the nodes 1n the
neural network. Otherwise, the 1nitial input node may mean
nodes which do not have other input nodes connected
through the links 1n a relationship between the nodes based
on the link 1n the neural network. Similarly, the final output
node may mean one or more nodes that do not have an
output node 1n a relationship with other nodes among the
nodes 1n the neural network. Further, the hidden node may
mean nodes configuring the neural network, not the nitial
input node and the final output node.

In the neural network according to the embodiment of the
present disclosure, the number of nodes of the mput layer
may be the same as the number of nodes of the output layer,
and the neural network may be 1n the form that the number
ol nodes decreases and then increases again from the input
layer to the hidden layer. Further, in the neural network
according to another embodiment of the present disclosure,
the number of nodes of the input layer may be smaller than
the number of nodes of the output layer, and the neural
network may be in the form that the number of nodes
decreases from the mput layer to the hidden layer. Further,
in the neural network according to another embodiment of
the present disclosure, the number of nodes of the input layer
may be larger than the number of nodes of the output layer,
and the neural network may be 1n the form that the number
of nodes increases ifrom the mnput layer to the hidden layer.
The neural network according to another embodiment of the

5

10

15

20

25

30

35

40

45

50

55

60

65

8

present disclosure may be the neural network 1n the form 1n
which the foregoing neural networks are combined.

A deep neural network (DNN) may mean the neural
network including a plurality of hidden layers, 1n addition to
an mput layer and an output layer. When the DNN 1s used,
it 1s possible to recognize a latent structure of data. That 1s,
it 1s possible to recognize latent structures of photos, texts,
videos, voice, and music (for example, what objects are in
the photos, what the content and emotions of the texts are,
and what the content and emotions of the voice are). The
DNN may include a convolutional neural network (CNN), a
recurrent neural network (RNN), an auto encoder, Genera-
tive Adversarial Networks (GAN), a Long Short-Term
Memory (LSTM), a transformer, a restricted Boltzmann
machine (RBM), a deep belief network (DBN), a Q network,
a U network, a Siamese network, a Generative Adversarial
Network (GAN), and the like. The foregoing description of
the deep neural network i1s merely illustrative, and the
present disclosure 1s not limited thereto.

In the embodiment of the present disclosure, the network
function may include an auto encoder. The auto encoder may
be one type of artificial neural network for outputting output
data similar to mput data. The auto encoder may include at
least one hidden layer, and the odd-numbered hidden layers
may be disposed between the input/output layers. The num-
ber of nodes of each layer may decrease from the number of
nodes of the input layer to an intermediate layer called a
bottleneck layer (encoding), and then be expanded sym-
metrically with the decrease from the bottleneck layer to the
output layer (symmetric with the mput layer). The auto
encoder may perform a nonlinear dimension reduction. The
number of iput layers and the number of output layers may
correspond to the dimensions after preprocessing of the
input data. In the auto encoder structure, the number of
nodes of the hidden layer included 1n the encoder decreases
as a distance from the input layer increases. When the
number of nodes of the bottleneck layer (the layer having the
smallest number of nodes located between the encoder and
the decoder) 1s too small, the suflicient amount of informa-
tion may not be transmitted, so that the number of nodes of
the bottleneck layer may be maintained 1n a specific number
or more (for example, a hall or more of the number of nodes
of the mput layer and the like).

The neural network may be trained by at least one scheme
of supervised learning, unsupervised learning, semi-super-
vised learning, and reinforcement learning. The training of
the neural network may be a process of applying knowledge
for the neural network to perform a specific operation to the
neural network.

The neural network may be trained in a direction of
minimizing an error of an output. In the training of the neural
network, traming data 1s repeatedly mnput to the neural
network and an error of an output of the neural network for
the training data and a target 1s calculated, and the error of
the neural network 1s back-propagated 1n a direction from an
output layer to an mput layer of the neural network 1n order
to decrease the error, and a weight of each node of the neural
network 1s updated. In the case of the supervised learning,
training data labelled with a correct answer (that 1s, labelled
training data) 1s used, 1n each training data, and 1n the case
of the unsupervised learning, a correct answer may not be
labelled to each training data. That 1s, for example, the
training data in the supervised learming for data classification
may be data, in which category 1s labelled to each of the
training data. The labelled training data 1s input to the neural
network and the output (category) of the neural network 1s
compared with the label of the training data to calculate an
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error. For another example, 1n the case of the unsupervised
learning related to the data classification, training data that
1s the mput 1s compared with an output of the neural
network, so that an error may be calculated. The calculated
error 1s back-propagated 1n a reverse direction (that 1s, the
direction from the output layer to the mnput layer) in the
neural network, and a connection weight of each of the
nodes of the layers of the neural network may be updated
according to the backpropagation. A change amount of the
updated connection weight of each node may be determined
according to a learning rate. The calculation of the neural
network for the input data and the backpropagation of the
error may configure a learning epoch. The learning rate 1s
differently applicable according to the number of times of
repetition of the learming epoch of the neural network. For
example, at the mitial stage of the learning of the neural
network, a high learning rate 1s used to make the neural
network rapidly secure performance of a predetermined
level and 1mprove efli

iciency, and at the latter stage of the
learning, a low learning rate 1s used to improve accuracy.

In the training of the neural network, the training data may
be generally a subset of actual data (that 1s, data to be
processed by using the trained neural network), and thus an
error for the training data 1s decreased, but there may exist
a learning epoch, 1in which an error for the actual data is
increased. Overfitting 1s a phenomenon, 1n which the neural
network excessively learns traiming data, so that an error for
actual data 1s increased. For example, a phenomenon, 1n
which the neural network learming a cat while seeing a
yellow cat cannot recognize cats, other than a yellow cat, as
cats, 1s a sort of overfitting. Overfitting may act as a reason
of increasing an error of a machine learning algorithm. In
order to prevent overfitting, various optimizing methods
may be used. In order to prevent overfitting, a method of
increasing training data, a regularization method, a dropout
method of mactivating a part of nodes of the network during,
the training process, a method using a bath normalization
layer, and the like may be applied.

The present disclosure relates to a method of correcting
problem text included 1n text information. Herein, the text
information may include various types of text, such as text
generated by speech recognition, text generated by user
input via an electronic device, text stored 1n a storage unit,
text displayed on a web page, text displayed 1n an applica-
tion, text captured by a photographing device, text recog-
nized based on 1mage recognition techniques, and the like.
For example, the present disclosure has been conceived to
identily problem text 1n text information based on reference
information (for example, confidence 1n each output text
determined by a speech recognition model) or user nput,
generate alternative text that may correct (replace) the
problem text by utilizing data search or an artificial intelli-
gence model, and provide alternative text and information
about a source of the alternative text in conjunction with
cach other. In an exemplary embodiment, in the present
disclosure, when a user specifies problem text (for example,
a portion including a typo, a word whose meaning 1s unclear,
or a numerical representation 1n text) 1 text information, a
separate search, investigation, or analysis of the problem
text portion 1s performed to generate alternative text to
correct (replace) the problem text, and ““a result value to be
replaced (alternative text)—a source from which the result
value to be replaced was derived” 1s paired, which 1s
provided to the user in the form of a data parr.

Further, the present disclosure also relates to a technology
that “checks the appropriateness of the text” for the user’s
desired portion of the speech recognition (ASR or STT)
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result,” and 1s a disclosure related to a kind of data research
automation. In particular, 1t 1s characterized by conjunction
and providing alternative text and the results of the research
on alternative text to correct the problem text within the
speech recognition (STT) result text with sources. Further-
more, the present disclosure provides a more convenient
user experience by performing data research on text selected
by a user for text information (for example, speech recog-
nition result text), and providing the user with information
about alternative text and source information of the alter-
native text together as a pair.

In other words, the present disclosure may provide the
function to data research and correct text results. Further-
more, the present disclosure 1s characterized in helping the
user to correct the dictation when it 1s incorrectly transcribed
due to speech recogmition (STT1) performance 1ssues, as well
as allowing the user to research data.

FIG. 3 1s a block diagram illustrating a plurality of
modules for correcting text information according to the
exemplary embodiment of the present disclosure, and FIG.
4 15 a flow diagram illustrating a method of correcting text
information according to an exemplary embodiment of the
present disclosure.

Exemplarily, referring to FIG. 3, the computing device
100 may include an input module 10, a preprocessing
module 20, an STT module 30, a problem text determination
module 40, a primary alternative text determination module
50, a secondary alternative text determination module 60, an
alternative text evaluation module 70, a feedback receiving
module 80, and the like. In the meantime, the plurality of
modules that may be included 1n the computing device 100
may be controlled by the processor 110, or implemented by
the operation of the processor 110. Further, the modules that
may be included in the computing device 100 for correcting
text information are not limited to the plurality of modules
described above, and additional modules may be included.
An exemplary plurality of modules for correcting text infor-
mation will be described 1n more detail below.

Referring to FI1G. 4, a method of correcting text informa-
tion according to an exemplary embodiment of the present
disclosure may include: obtaining the text information
(S110); determining problem text within the text information
(S120); generating alternative text for correcting the prob-
lem text by utilizing expanded text associated with the
problem text or non-text type information associated with
the problem text (5130); and providing immformation about
the alternative text for correcting the problem text (5140).
Further, the method of correcting text information according
to the exemplary embodiment of the present disclosure may
be performed by the computing device 100.

According to the exemplary embodiment of the present
disclosure, the computing device 100 may obtain the text
information (S110). Herein, the text information may
include various types of text, such as text generated by
speech recognition, text generated by user mput via an
clectronic device, text stored 1n a storage unit, text displayed
on a web page, text displayed 1n an application, text captured
by a photographing device, text recognized based on 1mage
recognition techniques, and the like. For example, the com-
puting device 100 may utilize a speech recognition (speech
to text (STT)) model to perform speech recognition (STT)
on a speech signal to obtain the text information. For
example, the input module 10 included 1n the computing
device 100 may obtain an audio file (for example, a speech
signal, a spectrogram generated by converting a speech
signal, or speech features) to perform speech recognition
(STT). Further, the mput module 10 may acquire text
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information in the unit of a sentence or a paragraph. Further,
the preprocessing module 20 included in the computing
device 100 may perform preprocessing, such as speech
enhancement or Voice Activity Detection (VAD). For
example, the VAD 1s a technique for determiming whether
voice activity 1s detected 1 audio data (for example, audio
signals, or audio streams). Belfore applying the speech
recognition (STT), preprocessing techniques, such as VAD,
noise removal, and speech enhancement, may be applied. In
relation to implementing the VAD, a supervised learming
based binary classification algorithm may be utilized, or a
distribution based classification algorithm may be utilized.
Further, the STT module 30 included 1in the computing
device 100 may perform speech recognition (STT) on the
audio file obtained from the mput module 10 to generate
speech recognition (STT) result text information.

According to the exemplary embodiment, the ST'T mod-
ule 30 included 1n the computing device 100 may perform
speech recognition (ST7T) on the speech signal to obtain the
text information. Further, the computing device 100 may
also acquire text information (for example, text including a
plurality of sentences or paragraphs) that 1s not the result text
information generated by performing speech recognition
(STT). However, for ease of description, the present disclo-
sure will be described herein with reference to an exemplary
embodiment 1n which the text information 1s text informa-
tion obtained by performing speech recognition (STT) on a
speech signal by utilizing the STT module 30.

According to the exemplary embodiment of the present
disclosure, the computing device 100 may determine a
problem text within text information (S120). In an example,
the problem text determination module 40 included 1n the
computing device 100 may determine problem text and
mask a portion corresponding to the problem text. For
example, the problem text determination module 40 may
obtain mput information for the problem text within the text
information via a user interface. The computing device 100
may provide text information via the user interface, and may
obtain user selection (for example, click, or mouse hover)
information about text (problem text) that requires addi-
tional data supplementation via the user interface. The
problem text determination module 40 may also determine
the text with the lowest confidence 1n the text information
obtained by performing the speech recognition (STT) as the
problem text. Further, the problem text determination mod-
ule 40 may mask a portion corresponding to the problem text
in the expanded text associated with the problem text. For
example, the problem text may be masked, and 1n this case,
the masked problem text may not be displayed on the user
screen. For reference, alternative text to correct the problem
text, which will be described below, may be generated by
utilizing the expanded text with the masking applied.

According to the exemplary embodiment, the text infor-
mation may include the sentence “In 2021, the domestic
clectric vehicle sales were one hundred thousand sax hun-
dred eighting one units (2021
A ) A7) 7 RS A -Smakal o) 9 ).” The prob-
lem text determination module 40 may determine “one
hundred thousand sax hundred eighting one (
Al ek a2 ol 3 a5 the problem text by 1) obtaining 1nput
information for the problem text within the text information
via a user interface, or 1) determining the text with the
lowest confidence 1n the text information obtained by per-
forming the speech recognition (STT) as the problem text.
The problem text determination module 40 may mask the
portion corresponding to the problem text “one hundred
thousand sax hundred eighting one (44 9H5 @22 21 Y2 1n “In
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2021, the domestic electric vehicle sales were one hundred
thousand sax hundred eighting one umts (2021
W A ] ek A e s Ao duh)” that is the
expanded text associated with the problem text “one hun-
dred thousand sax hundred eighting one (4 ¢S Wwg-2lael )”
For example, the problem text determination module 40 may
mask the “one hundred thousand sax hundred eighting one
(A2 w332 o] ) corresponding to the problem text, such
as “In 2021, the domestic electric vehicle sales were | | units
(2021 13 S5l A 7i R e k2 [0 24).” For reference, 1n
the case ol numbers, when the STT module 30 performs
dictation 1n Korean, confidence 1s low, so that the numbers
may be determined as the problem text. Alternatively, even
when the text information obtained by the STT module 30
1s 1ntact (for example, a speech recognition model trained to
dictate “one hundred thousand sax hundred eighting one (
Aube a2 ol )y’ g9 one hundred thousand six hundred
cighty one (4 whs- =42, or directly as a number, dic-
tates 1t well as 100681), the numbers may be determined to
be problem text because the user has doubts about the
authenticity of the corresponding number and selects the
numbers for further mvestigation.

According to the exemplary embodiment of the present
disclosure, the computing device 100 may generate alterna-
tive text for correcting the problem text by utilizing
expanded text associated with the problem text or non-text
type information associated with the problem text (S130).
Herein, the expanded text associated with the problem text
may include at least one of text that includes the problem
text and 1s longer than the problem text, a sentence that
includes the problem text, and a paragraph that includes the
problem text. Further, the non-text type information associ-
ated with the problem text may include at least one of the
entirety of the speech signal input to the speech recognition
model or a partial speech signal that corresponds to the
problem text in the speech signal mput to the speech
recognition model. For example, when the text information
1s “In 2021, the domestic electric vehicle sales were one
hundred thousand sax hundred eighting one units (2021
o H ) gl Ere Alubeosk ) ¢lek), and  the
problem text 1s ““‘one hundred thousand sax hundred eight-
ing one (4258 k4] 21),” the computing device 100 may
generate alternative text to correct the problem text by
utilizing at least one of non-text type information associated
with the problem text 1) the entirety of the speech signal
input to the speech recogmition model, “In 2021, the domes-
tic electric vehicle sales were one hundred thousand sax
hundred cighting one units (2021
WS A ) g e Ao s2iol ) 9lo),” or i) the
partial speech signal “one hundred thousand sax hundred
cighting one (ARHS¥Esi2l)” that corresponds to the
problem text in the speech signal mput to the speech
recognition model.

According to the exemplary embodiment, the primary
alternative text determination module 30 included in the
computing device 100 may search for the expanded text with
the masking applied 1n a search target domain. In one
example, the search target domain may include, but 1s not
limited to, at least one of an application, a program, a
website, a search engine, and a digital dictionary. Further,
the primary alternative text determination module 50 may
provide miformation about the alternative text and informa-
tion about the source of the alternative text together as a parr.
Here, the source information may include information about
the search target domain that was utilized to generate the
alternative text.
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For example, the primary alternative text determination
module 50 may search the expanded text with the masking
applied “In 2021, the domestic electric vehicle sales were |
| units (2021 3 =51l A7 AF ek 2 (]9 291 ).” 1 the
expanded text “In 2021, the domestic electric vehicle sales
were one hundred thousand sax hundred eighting one units
(2021 1 2w A7) Seishe Alvkemigkai o) vt
associated with the problem text “one hundred thousand sax
hundred eighting one (4} '#-% W 722l Y7 1n the search target
domain. Further, the primary alternative text determination
module 50 may generate alternative text to correct the
problem text based on the result of the search. For example,
the primary alternative text determination module 50 may,
based on the results of the search, generate “one hundred
thousand six hundred eighty one (HMrhS#=<i2l)” or
“100681” as alternative text to correct the problem text “one
hundred thousand sax hundred eighting one (
AltkSoal s 201 Further, the primary alternative text
determination module 50 may provide source information of
the alternative text (for example, domain information from
Google) together as a pair with the information about the
alternative text, “one hundred thousand six hundred eighty
one (A - uladstal ¥ or “100681.”

In other words, the primary alternative text determination
module 50 may generate alternative text by preferentially
performing data research for the search target domain set by
the user 1n the text result obtained by performing the speech
recognition (STT). Further, the primary alternative text
determination module 50 may generate alternative text to
correct the problem text by searching for the expanded text
with the masking applied 1n the “relevant applications (for
example, YouTube), websites, search engines, Wikipedia,
and search target domains™ set by the user. In one example,
the search target domains may be preset by the user. For
example, the primary alternative text determination module
50 may obtain mput via the user interface in advance to
search on Google among the search target domains, and may
obtain information about the alternative text for correcting
the problem text and imformation about the source of the
alternative text as a pair by searching on Google for the
expanded text with the masking applied.

According to the exemplary embodiment of the present
disclosure, the secondary alternative text determination
module 60 included 1n the computing device 100 may
generate alternative text for correcting the problem text by
utilizing additional various types of text generation models
in addition to the search results of the primary alternative
text determination module 50. For example, the secondary
alternative text determination module 60 may generate alter-
native text for correcting the problem text by using at least
one text generation model among @ an additional speech
recognition (STT) model, @ a different Language Model
(LM), or @ a Question Answering (QA) model.

First, the secondary alternative text determination module
60 may @ generate alternative text for correcting the
problem text based on an additional speech recognition
(STT) model. The additional speech recognition (STT)
model 1s a speech recognition (STT) module that 1s different
from the previously described ST'T module 30. For example,
the secondary alternative text determination module 60 may
input non-text type information associated with the problem
text 1nto an additional speech recognition model that 1s
different from the STT module 30. In other words, the
secondary alternative text determination module 60 may
input “the entirety of the speech signal” obtained from the
input module 10 1nto an additional speech recognition model
that 1s different from the STT module 30 to generate
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alternative text for correcting the problem text. Further, the
secondary alternative text determination module 60 may
extract a portion of the speech signal for the expanded text
associated with the problem text. For example, the second-
ary alternative text determination module 60 may generate
alternative text to correct the problem text by inputting “a
portion of the speech signal for the expanded text associated
with the problem text” into an additional speech recognition
model that 1s different from the STT module 30. In this case,
the data put to generate the alternative text may be
significantly lighter in size, so that the additional speech
recognition model may be implemented 1in the form of a
lighter model, and the computational efliciency may be
turther improved. For reference, the expanded text associ-
ated with the problem text may include at least one of text
that includes the problem text and 1s longer than the problem
text, a sentence that includes the problem text, and a
paragraph that includes the problem text.

Next, the secondary alternative text determination module
60 may @ generate alternative text for correcting the
problem text based on a different language model (LM). For
example, the secondary alternative text determination mod-
ule 60 may extract only the sentence including the problem
text. Further, the secondary alternative text determination
module 60 may 1nput the sentence including the problem
text into another language model (LM) to generate alterna-
tive text to correct the problem text. The different language
model (LM) may include a Large Language Model (LM),

such as ChatGPT.

Next, the secondary alternative text determination module
60 may generate alternative text for correcting the problem
text based on a Question Answering (QA) model. For
example, the secondary alternative text determination mod-
ule 60 may generate alternative text for correcting the
problem text by inputting the text information generated by

performing speech recognition (STT) on the speech signal
by the STT module 30, together with the question “What to
say 1n the blank?”” into the Question Answering (QA) model.
For reference, the blank spaces may correspond to areas that
are masked with respect to the problem text.

According to the exemplary embodiment of the present
disclosure, the alternative text evaluation module 70
included in the computing device 100 may generate evalu-
ation information for the alternative text for correcting
problem text. The alternative text evaluation module 70 may
score whether the alternative text searched by the primary
alternative text determination module 50 or the alternative
text generated by the secondary alternative text determina-
tion module 60 1s a suitable alternative text for correcting the
problem text.

According to the exemplary embodiment, 1) the alterna-
tive text evaluation module 70 may perform scoring on the
alternative text by using a next sentence prediction model.
For example, the alternative text evaluation module 70 may
input the alternative text (or the expanded alternative text
including the alternative text) searched by the primary
alternative text determination module 50 and the alternative
text (or the expanded alternative text including the alterna-
tive text) generated by the secondary alternative text deter-
mination module 60, along with the preceding sentence or
paragraph or entire text, into the next sentence prediction
model to perform scoring. In other words, the alternative
text evaluation module 70 may obtain a probability that each
candidate alternative text (or each candidate expanded alter-
native text that includes each candidate alternative text) 1s
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predicted aiter the preceding sentence or paragraph or entire
text, and perform scoring based on the corresponding prob-
ability.

For example, 1n the text information “In 2021, the domes-
tic electric vehicle sales were one hundred thousand sax
hundred eighting one units (2021 ¥4 =1} A A af gl gk&
Aukwlada el 9t} ),” when the problem text i1s “one
hundred thousand sax hundred eighting one (
A URE-wlask o ) 7 the primary alternative text determination
module 50 may determine the alternative text to be “one
hundred thousand si1x hundred eighty one (4 w5 Wl gl )

T = 11 —

and @ generate expanded alternative text (for example, a
sentence with the alternative text inserted into a masked
area), “In 2021, the domestic electric vehicle sales were [one
hundred thousand six hundred eighty one] units (2021

W J A e s A1l S1Th).” Further,
the secondary alternative text determination module 60 ma
determine the alternative text to be “100681” and

generate expanded alternative text (for example, a sentence
with the alternative text inserted into the mask area), “In
2021, the domestic electric vehicle sales were units (2021
W o) A 7 A e aF2- [1000681 ] th ¢ ). The alternative
text evaluation module 70 may input the generated expanded
alternative text @ “In 2021, the domestic electric vehicle
sales were [one hundred thousand six hundred eighty one]

units (2021 LR AT R B et o e

Mk g 24v)” and (2) “In 2021, the domestic
clectric  vehicle sales were [100681] umits (2021
ool K AR e ek [100681]u 99 o) ),” along with the
preceding sentence or paragraph or the entire text, into the
next sentence prediction model to obtain a probability that
cach candidate expanded alternative text including each
candidate alternative text 1s predicted and perform scoring
based on the corresponding probability.

Further, 11) the alternative text evaluation module 70 may
also perform scoring on the alternative text by using a text
entailment model. For example, the alternative text evalu-
ation module 70 may input the alternative text (or expanded
alternative text including the alternative text) searched by
the primary alternative text determination module 50 and the
alternative text (or expanded alternative text including the
alternative text) generated by the secondary alternative text
determination module 60, along with the preceding sentence
or paragraph or entire text, into the text entailment model to
perform scoring. In other words, the alternative text evalu-
ation module 70 may obtain a probability of how suitable
cach candidate alternative text (or each candidate expanded
alternative text including each candidate alternative text) is
alter the preceding sentence or paragraph, or entire text, and
perform scoring based on the corresponding probability.

For example, 1n the text information “In 2021, the domes-
tic electric vehicle sales were one hundred thousand sax
hundred eighting one units (2021 3 51l = 7z} o &
AMukZ e el 29t} ),” when the problem text 1s “one
hundred thousand sax hundred eighting one (
A RS- Al gkt o1 ) 7 the primary alternative text determination
module 50 may determine the alternative text to be “one
hundred thousand six hundred eighty one ( A] gh-8- 3 kil o1 )7
and @ generate expanded alternative text (for example, a
sentence with the alternative text inserted into a masked

area), “In 2021, the domestic electric vehicle sales were [one
hundred thousand six hundred eighty one] units (2021

A 7 a ek o [T s A 4T SiY)) Further,
the secondary alternative text determination module 60 ma
determine the alternative text to be “100681” and

[’??'l T3 a3 A
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generate expanded alternative text (for example, a sentence
with the alternative text inserted into the mask area), “In
2021, the domestic electric vehicle sales were [1000681]
units (2021 %1 wuf) #7PAE 9 F2- [1000681] ) 2icd).”
The alternative text evaluation module 70 may mnput the
generated expanded alternative text @ “In 2021, the domes-

tic electric vehicle sales were Jone hundred thousand six
hundred eighty one] units (2021 3 =1§ A7 2F Fref s |

Mg el 2l oh).” and Q) “In 2021, the domestic

sales were [1000681] wunits (2021
[[1000681] |th 9iv}).” along with
the preceding sentence or paragraph or the entire text, into
the text entailment model to obtain a probability of how
suitable each candidate expanded alternative text including
cach candidate alternative text 1s and perform scoring based
on the corresponding probability. However, the scoring for
cvaluating alternative text 1s to determine the candidate
alternative text to suggest to the user, and may be evaluated
in various ways besides the next sentence prediction model
or text entailment model described above. For example,
alternative text may be evaluated based on ROUGE score,
BLEU score, etc., which are popular in natural language
processing fields.

According to the exemplary embodiment of the present
disclosure, the computing device 100 may provide informa-
tion about the alternative text for correcting the problem text
(S140). For example, the feedback receiving module 80
included in the computing device 100 may provide only
information about the alternative text for correcting the
problem text. Further, the computing device 100 may pro-
vide both information about the alternative text for correct-
ing the problem text and mmformation about a source of the
alternative text. For example, the feedback receiving module
80 may provide the alternative text for correcting the prob-
lem text together with information about the source of the
alternative text (for example, information about the search
domain mvolved 1n generating the alternative text) when the
alternative text for correcting the problem text was searched
by the primary alternative text determination module 50.
Further, the feedback receiving module 80 may provide the
alternative text for correcting the problem text together with
information about the source of the alternative text (for
example, information about the artificial intelligence model
that was mvolved in generating the alternative text) when
the alternative text for correcting the problem text was
generated by the secondary alternative text determination
module 60.

According to the exemplary embodiment of the present
disclosure, the computing device 100 may provide informa-
tion about the alternative text for correcting the problem text
(5140). For example, the feedback recerving module 80
included 1n the computing device 100 may provide only
information about the alternative text for correcting the
problem text when the alternative text for correcting the
problem text was generated by the secondary alternative text
determination module 60. Further, the computing device 100
may provide both information about the alternative text for
correcting the problem text and information about a source
of the alternative text. For example, the feedback receiving
module 80 may provide information about the alternative
text for correcting the problem text and the information
about a source of the alternative text together when the
alternative text for correcting the problem text was searched
from the primary alternative text determination module 50.

According to the exemplary embodiment, the feedback
receiving module 80 may provide the user interface with

electric  vehicle
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evaluation information performed by the alternative text
evaluation module 70 on the alternative text searched by the
primary alternative text determination module 50 and the
alternative text generated by the secondary alternative text
determination module 60. On the other hand, the feedback
receiving module 80 may first provide the user interface
with evaluation information performed by the alternative
text evaluation module 70 on the alternative text searched by
the primary alternative text determination module 50. For
example, 1) the feedback recerving module 80 may provide
the user interface with a list of the scoring performed by the
alternative text evaluation module 70 on the alternative text
searched by the primary alternative text determination mod-
ule 50, along with a guide statement “If there are no desired
results 1n the list, alternative text will be generated and
suggested.” In this case, the feedback receiving module 80
may provide information about the alternative text searched
by the primary alternative text determination module 50 and
information about the source of the alternative text (infor-
mation about the search target domain that was utilized to
generate the alternative text) together as a pair. In response,
when the user provides feedback via the user interface (for
example, by clicking on the “Generate alternative text” Ul),
and 11) the secondary alternative text determination module
60 may again generate the alternative text to correct the
problem text, and the alternative text evaluation module 70
may perform scoring based on the alternative text generated
by the secondary alternative text determination module 60,
and the feedback receiving module 80 may provide the
scored list via the user interface.

According to the exemplary embodiment, the feedback
receiving module 80 may provide, via the user interface, the
top-ranked alternative text (for example, top five) of those
scored by the alternative text evaluation module 70. Further,
the feedback receiving module 80 may replace the problem
text with the user-selected alternative text based on a user
selection input via the user interface. The feedback receiving
module 80 may store the alternative text determined based
on the user selection 1n association with the user account,
and the pair of the determined alternative text and corre-
sponding speech signal (audio signal) may be associated
with the user account and utilized 1n training a speech
recognition model personalized for each user account.
According to the exemplary embodiment, the computing
device 100 may extract a portion ol the speech signal
corresponding to the alternative text. Further, the computing
device 100 may generate a pair for the extracted signal
portion and the alternative text. Furthermore, the computing,
device 100 may utilize the generated pair as training data for
a personalized speech recognition model. That 1s, the alter-
native text selected by the user may serve as a ground truth
verified accuracy to the problematic speech signal portion
(the extracted signal portion), and thus, the pair may be
utilized as training data to build a personalized speech
recognition model for the user.

In the above description, steps S110 to S140 may be
turther divided into additional steps, or may be combined
into fewer steps, according to the implementation example
of the present disclosure. Further, some operations may be
omitted as desired, and the order of the operations may be
changed.

Referring to FIG. 5, a method of correcting text informa-
tion according to an exemplary embodiment of the present
disclosure may 1include: obtaining the text information
(S110); determining problem text within the text informa-
tion, and masking a portion of the expanded text associated
with the problem text that corresponds to the problem text,
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wherein the expanded text associated with the problem text
includes at least one of: text that includes the problem text
and 1s longer than the problem text; a sentence including the
problem text; or a paragraph including the problem text
(S121); generating alternative text for correcting the prob-
lem text by utilizing expanded text associated with the
problem text or non-text type information associated with
the problem text, including searching, in the search target
domain, for the expanded text with the masking applied; and
generating, based on a result of the search, alternative text to
correct the problem text (S131); performing scoring on the
alternative text, and providing a list of a pair of information
about the scored alternative text and source information for
the alternative text (S141); and replacing the problem text
with alternative text selected from the list, based on a user
selection iput via a user interface (S150). Further, the
method of correcting text information according to the
exemplary embodiment of the present disclosure may be
performed by the computing device 100.

Referring to FIG. 6, a method of correcting text informa-
tion according to an exemplary embodiment of the present
disclosure may 1include: obtaining the text information
(5110); determining problem text within the text informa-
tion, and masking a portion of the expanded text associated
with the problem text that corresponds to the problem text,
wherein the expanded text associated with the problem text
includes at least one of: text that includes the problem text
and 1s longer than the problem text; a sentence including the
problem text; or a paragraph including the problem text
(S121); generating alternative text for correcting the prob-
lem text by utilizing expanded text associated with the
problem text or non-text type information associated with
the problem text, including inputting the expanded text with
the masking applied to a text generation model; and gener-
ating, based on an output of the text generation model, the
alternative text to correct the problem text (S131); perform-
ing scoring on the alternative text, and providing a list of a
pair ol information about the scored alternative text and
source nformation for the alternative text (5141); and
replacing the problem text with alternative text selected
from the list, based on a user selection input via a user
interface (S150). Further, the method of correcting text
information according to the exemplary embodiment of the
present disclosure may be performed by the computing
device 100.

In the above description, steps S110 to S150 may be
turther divided into additional steps, or may be combined
into fewer steps, according to the implementation example
of the present disclosure. Further, some operations may be
omitted as desired, and the order of the operations may be
changed.

In the meantime, according to an embodiment of the
present disclosure, a computer readable medium storing a
data structure 1s disclosed.

The data structure may refer to organization, manage-
ment, and storage of data that enable eflicient access and
modification of data. The data structure may refer to orga-
nization of data for solving a specific problem (for example,
data search, data storage, and data modification in the
shortest time). The data structure may also be defined with
a physical or logical relationship between the data elements
designed to support a specific data processing function. A
logical relationship between data elements may include a
connection relationship between user defined data elements.
A physical relationship between data elements may include
an actual relationship between the data elements physically
stored 1n a computer readable storage medium (for example,




US 12,141,521 B2

19

a permanent storage device). In particular, the data structure
may 1nclude a set of data, a relationship between data, and
a function or a command applicable to data. Through the
cllectively designed data structure, the computing device
may perform a calculation while mimimally using resources
of the computing device. In particular, the computing device
may 1mprove efliciency of calculation, reading, insertion,
deletion, comparison, exchange, and search through the
cllectively designed data structure.

The data structure may be divided into a linear data
structure and a non-linear data structure according to the
form of the data structure. The linear data structure may be
the structure 1n which only one data 1s connected after one
data. The linear data structure may include a list, a stack, a
queue, and a deque. The list may mean a series of dataset 1n
which order exists internally. The list may include a linked
list. The linked list may have a data structure 1n which data
1s connected 1n a method 1 which each data has a pointer
and 1s linked 1n a single line. In the linked list, the pointer
may include information about the connection with the next
or previous data. The linked list may be expressed as a single
linked list, a double linked list, and a circular linked list
according to the form. The stack may have a data listing
structure with limited access to data. The stack may have a
linear data structure that may process (for example, 1nsert or
delete) data only at one end of the data structure. The data
stored 1n the stack may have a data structure (Last In First
Out, LIFO) 1n which the later the data enters, the sooner the
data comes out. The queue 1s a data listing structure with
limited access to data, and may have a data structure (First
In First Out, FIFO) 1n which the later the data 1s stored, the
later the data comes out, unlike the stack. The deque may
have a data structure that may process data at both ends of
the data structure.

The non-linear data structure may be the structure in
which the plurality of data 1s connected after one data. The
non-linear data structure may include a graph data structure.
The graph data structure may be defined with a vertex and
an edge, and the edge may include a line connecting two
different vertexes. The graph data structure may include a
tree data structure. The tree data structure may be the data
structure 1n which a path connecting two diflerent vertexes
among the plurality of vertexes included 1n the tree 1s one.
That 1s, the tree data structure may be the data structure 1n
which a loop 1s not formed 1n the graph data structure.

Throughout the present specification, a calculation model,
a nerve network, the network function, and the neural
network may be used with the same meaning. Hereinafter,
the terms of the calculation model, the nerve network, the
network function, and the neural network are unified and
described with a neural network. The data structure may
include a neural network. Further, the data structure includ-
ing the neural network may be stored 1n a computer readable
medium. The data structure including the neural network
may also include preprocessed data for processing by the
neural network, data input to the neural network, a weight of
the neural network, a hyper-parameter of the neural network,
data obtained from the neural network, an active function
associated with each node or layer of the neural network,
and a loss function for traiming of the neural network. The
data structure including the neural network may include
predetermined configuration elements among the disclosed
configurations. That 1s, the data structure including the
neural network may include the entirety or a predetermined
combination of pre-processed data for processing by neural
network, data mput to the neural network, a weight of the
neural network, a hyper parameter of the neural network,
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data obtained from the neural network, an active function
associated with each node or layer of the neural network,
and a loss function for training the neural network. In
addition to the foregoing configurations, the data structure
including the neural network may include predetermined
other information determining a characteristic of the neural
network. Further, the data structure may include all type of
data used or generated 1n a computation process of the neural
network, and 1s not limited to the foregoing matter. The
computer readable medium may include a computer read-
able recording medium and/or a computer readable trans-
mission medium. The neural network may be formed of a set
of interconnected calculation units which are generally
referred to as “nodes.” The “nodes™ may also be called
“neurons.” The neural network consists of one or more
nodes.

The data structure may include data input to the neural
network. The data structure including the data input to the
neural network may be stored in the computer readable
medium. The data iput to the neural network may include
training data input in the training process ol the neural
network and/or mput data input to the training completed
neural network. The data mput to the neural network may
include data that has undergone pre-processing and/or data
to be pre-processed. The pre-processing may include a data
processing process for mputting data to the neural network.
Accordingly, the data structure may include data to be
pre-processed and data generated by the pre-processing. The
foregoing data structure 1s merely an example, and the
present disclosure 1s not limited thereto.

The data structure may include a weight of the neural
network (in the present specification, weights and param-
cters may be used with the same meaning), Further, the data
structure 1including the weight of the neural network may be
stored 1n the computer readable medium. The neural net-
work may include a plurality of weights. The weight 1s
variable, and 1n order for the neural network to perform a
desired function, the weight may be varied by a user or an
algorithm. For example, when one or more input nodes are
connected to one output node by links, respectively, the
output node may determine a data value output from the
output node based on values input to the input nodes
connected to the output node and the weight set in the link
corresponding to each of the input nodes. The foregoing data
structure 1s merely an example, and the present disclosure 1s
not limited thereto.

For a non-limited example, the weight may include a
weilght varied 1n the neural network training process and/or
the weight when the training of the neural network 1s
completed. The weight varied 1n the neural network training
process may include a weight at a time at which a traiming
cycle starts and/or a weight varied during a traiming cycle.
The weight when the training of the neural network 1is
completed may include a weight of the neural network
completing the training cycle. Accordingly, the data struc-
ture including the weight of the neural network may include
the data structure including the weight varied in the neural
network training process and/or the weight when the training
of the neural network 1s completed. Accordingly, 1t 1s
assumed that the weight and/or a combination of the respec-
tive weights are included 1n the data structure including the
weight of the neural network. The foregoing data structure
1s merely an example, and the present disclosure is not
limited thereto.

The data structure including the weight of the neural
network may be stored in the computer readable storage
medium (for example, a memory and a hard disk) after
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undergoing a serialization process. The serialization may be
the process of storing the data structure in the same or
different computing devices and converting the data struc-
ture 1into a form that may be reconstructed and used later.
The computing device may serialize the data structure and
transceive the data through a network. The serialized data
structure 1including the weight of the neural network may be
reconstructed in the same or different computing devices
through deserialization. The data structure including the
welght of the neural network 1s not limited to the serializa-
tion. Further, the data structure including the weight of the
neural network may include a data structure (for example, in
the non-linear data structure, B-Tree, Trie, m-way search
tree, AVL tree, and Red-Black Tree) for improving efliciency
of the calculation while minimally using the resources of the
computing device. The foregoing matter 1s merely an
example, and the present disclosure 1s not limited thereto.

The data structure may include a hyper-parameter of the
neural network. The data structure including the hyper-
parameter of the neural network may be stored i the
computer readable medium. The hyper-parameter may be a
variable varied by a user. The hyper-parameter may include,
for example, a learning rate, a cost function, the number of
times of repetition of the training cycle, weight iitialization
(for example, setting of a range of a weight value to be
weilght-initialized), and the number of hidden units (for
example, the number of hidden layers and the number of
nodes of the hidden layer). The foregoing data structure 1s
merely an example, and the present disclosure 1s not limited
thereto.

FIG. 7 1s a simple and general schematic diagram illus-
trating an example of a computing environment 1n which the
embodiments of the present disclosure are implementable.

The present disclosure has been described as being gen-
crally implementable by the computing device, but those
skilled 1n the art will appreciate well that the present
disclosure 1s combined with computer executable com-
mands and/or other program modules executable 1n one or
more computers and/or be implemented by a combination of
hardware and software.

In general, a program module includes a routine, a pro-
gram, a component, a data structure, and the like performing
a specific task or implementing a specific abstract data form.
Further, those skilled 1n the art will well appreciate that the
method of the present disclosure may be carried out by a
personal computer, a hand-held computing device, a micro-
processor-based or programmable home appliance (each of
which may be connected with one or more relevant devices
and be operated), and other computer system configurations,
as well as a single-processor or multiprocessor computer
system, a min1 computer, and a main frame computer.

The embodiments of the present disclosure may be carried
out 1 a distribution computing environment, in which
certain tasks are performed by remote processing devices
connected through a communication network. In the distri-
bution computing environment, a program module may be
located 1n both a local memory storage device and a remote
memory storage device.

The computer generally includes various computer read-
able media. The computer accessible medium may be any
type ol computer readable medium, and the computer read-
able medium includes volatile and non-volatile media, tran-
sitory and non-transitory media, and portable and non-
portable media. As a non-limited example, the computer
readable medium may include a computer readable storage
medium and a computer readable transport medium. The
computer readable storage medium includes volatile and

10

15

20

25

30

35

40

45

50

55

60

65

22

non-volatile media, transitory and non-transitory media, and
portable and non-portable media constructed by a predeter-
mined method or technology, which stores information, such
as a computer readable command, a data structure, a pro-
gram module, or other data. The computer readable storage
medium 1ncludes a RAM, a Read Only Memory (ROM), an
Electrically Erasable and Programmable ROM (EEPROM),
a flash memory, or other memory technologies, a Compact
Disc (CD)-ROM, a Digital Video Disk (DVD), or other
optical disk storage devices, a magnetic cassette, a magnetic
tape, a magnetic disk storage device, or other magnetic
storage device, or other predetermined media, which are
accessible by a computer and are used for storing desired
information, but 1s not limited thereto.

The computer readable transport medium generally
implements a computer readable command, a data structure,
a program module, or other data 1n a modulated data signal,
such as a carrier wave or other transport mechamsms, and
includes all of the mnformation transport media. The modu-
lated data signal means a signal, of which one or more of the
characteristics are set or changed so as to encode informa-
tion within the signal. As a non-limited example, the com-
puter readable transport medium includes a wired medium,
such as a wired network or a direct-wired connection, and a
wireless medium, such as sound, Radio Frequency (RF),
infrared rays, and other wireless media. A combination of
the predetermined media among the foregoing media 1s also
included in a range of the computer readable transport
medium.

An 1illustrative environment 1100 including a computer
1102 and implementing several aspects of the present dis-
closure 1s illustrated, and the computer 1102 includes a
processing device 1104, a system memory 1106, and a
system bus 1108. The system bus 1108 connects system
components including the system memory 1106 (not lim-
ited) to the processing device 1104. The processing device
1104 may be a predetermined processor among various
commonly used processors. A dual processor and other
multi-processor architectures may also be used as the pro-
cessing device 1104.

The system bus 1108 may be a predetermined one among,
several types of bus structure, which may be additionally
connectable to a local bus using a predetermined one among
a memory bus, a peripheral device bus, and various common
bus architectures. The system memory 1106 includes a ROM
1110, and a RAM 1112. A basic input/output system (BIOS)
1s stored 1n a non-volatile memory 1110, such as a ROM, an
EPROM, and an EEPROM, and the BIOS includes a basic
routing helping a transport of mformation among the con-
stituent elements within the computer 1102 at a time, such
as starting. The RAM 1112 may also include a high-rate
RAM, such as a static RAM, for caching data.

The computer 1102 also includes an embedded hard disk
drive (HDD) 1114 (for example, enhanced integrated drive
clectronics (EIDE) and serial advanced technology attach-
ment (SATA))—the embedded HDD 1114 being configured
for exterior mounted usage within a proper chassis (not
illustrated)}—a magnetic floppy disk drive (FDD) 1116 (for
example, which 1s for reading data from a portable diskette
1118 or recording data 1n the portable diskette 1118), and an
optical disk drive 1120 (for example, which 1s for reading a
CD-ROM disk 1122, or reading data from other high-
capacity optical media, such as a DVD, or recording data 1n
the high-capacity optical media). A hard disk drive 1114, a
magnetic disk drive 1116, and an optical disk drive 1120
may be connected to a system bus 1108 by a hard disk drive
interface 1124, a magnetic disk drive interface 1126, and an
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optical drive interface 1128, respectively. An interface 1124
for implementing an outer mounted drive includes, for
example, at least one of or both a universal serial bus (USB)
and the Institute of Electrical and Electronics Engineers
(IEEE) 1394 interface technology.

The drives and the computer readable media associated
with the drives provide non-volatile storage of data, data
structures, computer executable commands, and the like. In
the case of the computer 1102, the drive and the medium
correspond to the storage of random data 1n an appropriate
digital form. In the description of the computer readable
media, the HDD, the portable magnetic disk, and the por-
table optical media, such as a CD, or a DVD, are mentioned,
but those skilled in the art will well appreciate that other
types of computer readable media, such as a zip drive, a
magnetic cassette, a tlash memory card, and a cartridge, may
also be used i1n the 1illustrative operation environment, and
the predetermined medium may include computer execut-
able commands for performing the methods of the present
disclosure.

A plurality of program modules including an operation
system 1130, one or more application programs 1132, other
program modules 1134, and program data 1136 may be
stored 1n the drive and the RAM 1112. An entirety or a part
of the operation system, the application, the module, and/or
data may also be cached in the RAM 1112. It will be well
appreciated that the present disclosure may be implemented
by several commercially usable operation systems or a
combination of operation systems.

A user may mput a command and information to the
computer 1102 through one or more wired/wireless 1nput
devices, for example, a keyboard 1138 and a pointing
device, such as a mouse 1140. Other input devices (not
illustrated) may be a microphone, an IR remote controller, a
joystick, a game pad, a stylus pen, a touch screen, and the
like. The foregoing and other input devices are frequently
connected to the processing device 1104 through an 1nput
device interface 1142 connected to the system bus 1108, but
may be connected by other interfaces, such as a parallel port,
an IEEE 1394 senial port, a game port, a USB port, an IR
interface, and other interfaces.

A monitor 1144 or other types of display devices are also
connected to the system bus 1108 through an interface, such
as a video adaptor 1146. In addition to the monitor 1144, the
computer generally includes other peripheral output devices
(not illustrated), such as a speaker and a printer.

The computer 1102 may be operated in a networked
environment by using a logical connection to one or more
remote computers, such as remote computer(s) 1148,
through wired and/or wireless communication. The remote
computer(s) 1148 may be a work station, a computing device
computer, a router, a personal computer, a portable com-
puter, a microprocessor-based entertainment device, a peer
device, and other general network nodes, and generally
includes some or an entirety of the constituent elements
described for the computer 1102, but only a memory storage
device 1150 1s 1illustrated for simplicity. The illustrated
logical connection includes a wired/wireless connection to a
local area network (LAN) 1152 and/or a larger network, for
example, a wide area network (WAN) 1154. The LAN and
WAN networking environments are general 1 an oflice and
a company, and make an enterprise-wide computer network,
such as an Intranet, easy, and all of the LAN and WAN
networking environments may be connected to a worldwide
computer network, for example, the Internet.

When the computer 1102 1s used 1n the LAN networking
environment, the computer 1102 1s connected to the local
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network 1152 through a wired and/or wireless communica-
tion network interface or an adaptor 1156. The adaptor 1156
may make wired or wireless communication to the LAN
1152 easy, and the LAN 1152 also includes a wireless access
point installed therein for the communication with the
wireless adaptor 1156. When the computer 1102 1s used in
the WAN networking environment, the computer 1102 may
include a modem 1158, 1s connected to a communication
computing device on a WAN 1154, or includes other means
setting communication through the WAN 1134 wvia the
Internet. The modem 1158, which may be an embedded or
outer-mounted and wired or wireless device, 1s connected to
the system bus 1108 through a serial port interface 1142. In
the networked environment, the program modules described
tor the computer 1102 or some of the program modules may
be stored 1n a remote memory/storage device 1150. The
illustrated network connection 1s illustrative, and those
skilled 1n the art will appreciate well that other means setting
a commumnication link between the computers may be used.

The computer 1102 performs an operation of communi-
cating with a predetermined wireless device or enfity, for
example, a printer, a scanner, a desktop and/or portable
computer, a portable data assistant (PDA), a communication
satellite, predetermined equipment or place related to a
wirelessly detectable tag, and a telephone, which 1s disposed
by wireless communication and 1s operated. The operation
includes a wireless fidelity (Wi-F1) and Bluetooth wireless
technology at least. Accordingly, the communication may
have a pre-defined structure, such as a network in the related
art, or may be simply ad hoc communication between at
least two devices.

The Wi-Fi1 enables a connection to the Internet and the like
even without a wire. The Wi-Fi 1s a wireless technology,
such as a cellular phone, which enables the device, for
example, the computer, to transmit and receive data indoors
and outdoors, that 1s, 1n any place within a communication
range of a base station. A Wi-F1 network uses a wireless
technology, which 1s called IEEE 802.11 (a, b, g, etc.) for
providing a safe, reliable, and high-rate wireless connection.
The Wi-Fi1 may be used for connecting the computer to the
computer, the Internet, and the wired network (IEEE 802.3
or Ethernet 1s used). The Wi-F1 network may be operated at,
for example, a data rate of 11 Mbps (802.11a) or 54 Mbps
(802.11b) 1n an unauthorized 2.4 and 5 GHz wireless band,
or may be operated 1n a product including both bands (dual
bands).

Those skilled 1n the art may appreciate that information
and signals may be expressed by using predetermined vari-
ous different technologies and techniques. For example,
data, indications, commands, information, signals, bits,
symbols, and chips referable in the foregoing description
may be expressed with voltages, currents, electromagnetic
waves, magnetic fields or particles, optical fields or par-
ticles, or a predetermined combination thereof.

Those skilled i the art will appreciate that the various
illustrative logical blocks, modules, processors, means, cir-
cuits, and algornithm operations described 1n relationship to
the embodiments disclosed herein may be implemented by
clectronic hardware (for convemence, called “software”
herein), various forms of program or design code, or a
combination thereol. In order to clearly describe compat-
ibility of the hardware and the software, various illustrative
components, blocks, modules, circuits, and operations are
generally 1llustrated above 1n relation to the functions of the
hardware and the soitware. Whether the function 1s 1mple-
mented as hardware or software depends on design limits
given to a specific application or an entire system. Those
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skilled 1n the art may perform the function described by
various schemes for each specific application, but it shall not
be construed that the determinations of the performance
depart from the scope of the present disclosure.

Various embodiments presented herein may be imple-
mented by a method, a device, or a manufactured article
using a standard programming and/or engineering technol-
ogy. A term “manufactured article” includes a computer
program, a carrier, or a medium accessible from a predeter-
mined computer-readable storage device. For example, the
computer-readable storage medium includes a magnetic
storage device (for example, a hard disk, a floppy disk, and
a magnetic strip), an optical disk (for example, a CD and a
DVD), a smart card, and a flash memory device (for
example, an EEPROM, a card, a stick, and a key drive), but
1s not limited thereto. Further, various storage media pre-
sented herein include one or more devices and/or other
machine-readable media for storing information.

It shall be understood that a specific order or a hierarchical
structure of the operations included in the presented pro-
cesses 1s an example of 1illustrative accesses. It shall be
understood that a specific order or a hierarchical structure of
the operations included 1n the processes may be rearranged
within the scope of the present disclosure based on design
priorities. The accompanying method claims provide vari-
ous operations of elements 1n a sample order, but 1t does not
mean that the claims are limited to the presented specific
order or hierarchical structure.

The description of the presented embodiments 1s provided
so as for those skilled 1n the art to use or carry out the present
disclosure. Various modifications of the embodiments may
be apparent to those skilled 1n the art, and general principles
defined herein may be applied to other embodiments without
departing from the scope of the present disclosure. Accord-
ingly, the present disclosure 1s not limited to the embodi-
ments suggested herein, and shall be interpreted within the
broadest meaning range consistent to the principles and new
characteristics presented herein.

The various embodiments described above can be com-
bined to provide further embodiments. All of the U.S.
patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and
non-patent publications referred to 1n this specification and/
or listed 1 the Application Data Sheet are incorporated
herein by reference, 1n their entirety. Aspects of the embodi-
ments can be modified, 1f necessary to employ concepts of
the various patents, applications and publications to provide
yet further embodiments.

These and other changes can be made to the embodiments
in light of the above-detailed description. In general, 1n the
tollowing claims, the terms used should not be construed to
limit the claims to the specific embodiments disclosed 1n the
specification and the claims, but should be construed to
include all possible embodiments along with the full scope
of equivalents to which such claims are entitled. Accord-
ingly, the claims are not limited by the disclosure.

The invention claimed 1s:
1. A method of correcting text information performed by
a computing device, the method comprising:

obtaining the text mnformation;

determining problem text within the text information;

generating alternative text to correct the problem text by
utilizing expanded text associated with the problem text
or non-text type mformation associated with the prob-
lem text;
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performing scoring on the alternative text, and providing
a list of a pair of information about the scored alter-
native text and source information for the alternative
text; and

replacing the problem text with alternative text selected

from the list, based on a user selection mput via a user
interface,

wherein the source information includes information

about a search target domain or an artificial intelligence
model utilized to generate the alternative text,
wherein the expanded text associated with the problem
text includes at least one of:
text that includes the problem text and 1s longer than the
problem text;
a sentence including the problem text; or
a paragraph including the problem text,
wherein the determining of the problem text within the
text mnformation includes
masking a portion of the expanded text associated
with the problem text that corresponds to the
problem text, and
the generating of the alternative text to correct the
problem text includes
searching, 1n the search target domain, for the
expanded text with the masking applied; and
generating, based on a result of the search, alter-
native text to correct the problem text.
2. The method of claim 1, wherein the search target
domain includes at least one of an application, a program, a
website, a search engine, or a digital dictionary.
3. The method of claim 1, wherein the obtaining of the
text information includes obtaining the text information by
performing speech recognition (Speech To Text (STT)) on a
speech signal by utilizing a speech recognition (ST'T) model.
4. The method of claim 3, wherein the generating of the
alternative text to correct the problem text further includes:
inputting non-text type information associated with the
problem text to an additional speech recognition model
that 1s different from the speech recognition model; and

generating, based on an output of the additional speech
recognition model, the alternative text to correct the
problem text.

5. The method of claim 4, wherein the non-text type
information associated with the problem text includes at
least one of:

entirety of the speech signal input to the speech recogni-

tion model; or

a partial speech signal corresponding to the problem text

in the speech signal mput to the speech recognition
model.
6. The method of claim 3, wherein the determining of the
problem text within the text information includes at least one
of:
obtaining mput information for the problem text within
the text information via the user interface; or

determiming text having a lowest confidence 1n the text
information obtained by performing the speech recog-
nition (STT) as the problem text.

7. The method of claim 3, further comprising:

extracting a signal portion of the speech signal corre-

sponding to the alternative text;

generating a pair of the extracted signal portion and the

alternative text; and

utilizing the generated pair as training data for a person-

alized speech recognition model.

8. The method of claim 1, wherein the performing of the
scoring on the alternative text includes at least one of:
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performing scoring on the alternative text by using a next

sentence prediction model; or

performing scoring on the alternative text by using a text

entailment model.

9. A computer program stored 1n a non-transitory com-
puter readable storage medium, wherein when the computer
program 1s executed by one or more processors, the com-
puter program causes the at least one processor to perform
following operations for correcting text information, the
operations comprising;:

an operation of obtaiming the text information;

an operation of determining problem text within the text

information;

an operation of generating alternative text to correct the

problem text by utilizing expanded text associated with
the problem text or non-text type information associ-
ated with the problem text;

an operation of performing scoring on the alternative text,

and providing a list of a pair of information about the
scored alternative text and source information for the
alternative text; and

an operation of replacing the problem text with alternative

text selected from the list, based on a user selection
input via a user interface,

wherein the source information includes information

about a search target domain or an artificial intelligence
model utilized to generate the alternative text,
wherein the expanded text associated with the problem
text imcludes at least one of:
text that includes the problem text and 1s longer than the
problem text;
a sentence 1mcluding the problem text; or
a paragraph including the problem text,
wherein the determining of the problem text within the
text information includes masking a portion of the
expanded text associated with the problem text that
corresponds to the problem text, and
the generating of the alternative text to correct the
problem text includes:
an operation of inputting the expanded text with the
masking applied to a text generation model; and
an operation of generating, based on an output of the
text generation model, the alternative text to cor-
rect the problem text.

10. The computer program of claim 9, wherein the opera-
tion ol obtaining the text information includes an operation
of obtaining the text information by performing speech
recognition (Speech To Text (ST7T)) on a speech signal by
utilizing a speech recogmtion (STT) model.

11. The computer program of claim 9, wherein the opera-
tion of performing the scoring on the alternative text
includes at least one of:

an operation of performing scoring on the alternative text

by using a next sentence prediction model; or

an operation of performing scoring on the alternative text

by using a text entailment model.

12. A computing device, comprising:

at least one processor; and

a memory,

wherein the at least one processor 1s configured to:

obtain the text information;
determine problem text within the text information;
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generate alternative text to correct the problem text by
utilizing expanded text associated with the problem
text or non-text type mnformation associated with the
problem text;

perform scoring on the alternative text, and providing
a list of a pair of information about the scored
alternative text and source information for the alter-
native text; and

replace the problem text with the alternative text
selected from the list, based on a user selection input

via a user interface,
wherein the source information includes intformation

about a search target domain or an artificial intelligence

model utilized to generate the alternative text,
wherein the expanded text associated with the problem

text includes at least one of:

text that includes the problem text and 1s longer than the

problem text,
a sentence mcluding the problem text; or
a paragraph including the problem text,

wherein the at least one processor 1s further configured
to:

mask a portion of the expanded text associated with
the above problem text that corresponds to the
problem text;
input the expanded text with the masking applied to
a text generation model; and
generate based on an output of the text generation
model, the alternative text to correct the problem
text.
13. The computing device of claim 12, wherein the at least
one processor 1s further configured to obtain the text infor-
mation by performing speech recognition (Speech To Text
(STT)) on a speech signal by utilizing a speech recognition
(STT) model.
14. The computing device of claim 13, wherein the at least
one processor 1s further configured to:
input non-text type information associated with the prob-
lem text to an additional speech recognition model that
1s different from the speech recognition model; and

generate, based on an output of the additional speech
recognition model, the alternative text to correct the
problem text.

15. The computing device of claim 13, wherein the at least
one processor 1s further configured to:

obtain mput information for the problem text within the

text information via the user interface; and

determine text having a lowest confidence in the text

information obtained by performing the speech recog-
nition (STT) as the problem text.

16. The computing device of claim 13, wherein the at least
one processor 1s further configured to:

extract a signal portion of the speech signal corresponding,

to the alternative text;

generate a pair of the extracted signal portion and the

alternative text; and

utilize the generated pair as training data for a personal-

1zed speech recognition model.

17. The computing device of claim 12, wherein the at least
one processor 1s configured to:

perform scoring on the alternative text by using a next

sentence prediction model; and

perform scoring on the alternative text by using a text

entailment model.
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